In this talk I discuss a supersymmetric Pati-Salam model of fermion masses and mixing angles which fits low energy data. The model is then extended to include an inflationary sector which is shown to be consistent with Bicep2-Keck-Planck data. The energy scale during inflation is associated with the PS symmetry breaking scale. Finally, the model is shown to be consistent with the observed baryon-toentropy ratio necessary for Big Bang Nucleosynthesis. It turns out that only the heaviest right-handed neutrino decays produce the correct sign of the baryon-to-entropy ratio. Nevertheless, we obtain the observed value due to the process of instant preheating.
INTRODUCTION
A grand unified theory must be able to fit low energy data. In addition, it must be able to consistently describe the early universe. In a recent paper [1] we have described a Pati-Salam model with a D 4 family symmetry which fits low energy data quite well (see [2] [3] [4] which is based on the model introduced in [5] ). The biggest discrepancy is in the fits for the up and down quark masses which are too large.
1 Bicep2, Keck and Planck cosmological data are consistent with inflationary early universe with an energy density during inflation of order a GUT scale, 10 16 GeV. In the Pati-Salam [PS] model, this is the scale where Pati-Salam is broken to the Standard Model gauge symmetry in a process called "hybrid inflation." It is "subcritical hybrid inflation" since inflation begins after the waterfall field begins to slide down the side of the potential. Since the waterfall field breaks the PS symmetry, any monopoles formed will be severely diluted during inflation. Of course, after inflation the universe reheats and at this time a baryon asymmetry must be generated. It is the process of baryogenesis via leptogenesis which we consider now. But first let us briefly review the PS model and the results of subcritical hybrid inflation.
The fields F a ,F a , F 
where Note, with the given particle spectrum and Z R 4 charges, we have the following anomaly coefficients,
The Z R 4 symmetry forbids dimension 4 and 5 operators for proton decay and also a µ term. In addition, the Z R 4 anomaly can, in principle, be canceled via the Green-Schwarz mechanism, as discussed in Ref. [6] [7] [8] . Dynamical breaking of the Z R 4 symmetry would then preserve an exact R-parity and generate a µ term, with µ ∼ m 3/2 and dimension 5 proton decay operators suppressed by m 
Yukawa matrices
Upon integrating out the heavy Froggatt-Nielsen fields, we obtain the effective superpotential for the low energy theory,
where i, j = 1, 2, 3 and
The Yukawa matrices for up-quarks, down-quarks, charged leptons and neutrinos are given by (defined in Weyl notation with doublets on the left)
2 These Yukawa matrices are identical to those obtained previously (see Ref. [5] ) and analyzed most recently in Ref. [2, 3] .
and
with ω = 2 σ/(2 σ − 1) and a Dirac neutrino mass matrix given by
From eq. (12) and (14), one can see that the flavor hierarchies in the Yukawa couplings are encoded in terms of the four complex parameters ρ, σ,˜ , ξ and three real parameters , , λ. These matrices contain 7 real parameters and 4 arbitrary phases. While the superpotential W P S has many arbitrary parameters, the resulting effective Yukawa matrices have much fewer parameters, therefore obtaining a very predictive theory. Also, the quark mass matrices accommodate the Georgi-Jarlskog mechanism, such that m µ /m e ≈ 9 m s /m d . This is a result of the operator O B−L which is assumed to have a vev in the B − L direction.
Yukawa Unification 3rd family only
Some of the major properties of the PS model are purely the result of analyzing only the third family. In particular, we consider the third family Yukawa couplings given by
We fit the top, bottom and tau masses and three flavor violating observables
In order to calculate these processes we use the observed values of the relevant CKM mixing parameters.
For soft SUSY breaking parameters we assume universal squark and slepton masses, m 16 ; universal gaugino mass, M 1/2 ; non-universal Higgs masses, m 2 10 ± ∆m 2 ; a universal A parameter, A 0 , and µ and tan β. In order to fit the data we find that we are forced to the following range of parameters.
and tan β ∼ 50.
It is the B physics processes which force us to have heavy squarks [9] . Note, with this range of parameters we get a bonus of an inverse scalar mass hierarchy [10] . Squarks and sleptons of the first two families have mass of order m 16 , while the third generation scalars are significantly lighter. In this range of parameters we also find the CP odd higgs boson has mass, m A > 1 TeV. Thus we are in the decoupling limit of the MSSM and the light higgs boson is necessarily very much Standard Model-like. 
Global χ 2 fits & predictions
As one example of the χ 2 fits see Fig. 1 . Three of the largest pulls in χ 2 were due to the observables 
Subcritical hybrid F-term inflation
Let us now briefly review the results of Ref. [1] . The superpotential and Kähler potential for the inflaton sector of the model with a Pati-Salam SU (4) C × SU (2) L × SU (2) R gauge symmetry times Z R 4 discrete R symmetry are given by
with the quantum numbers of the inflaton and waterfall superfields, respectively: {Φ = (1, 1, 1, 2), S c = (4, 1,2, 0),S c = (4, 1, 2, 0)}. 3 As a consequence, the Pati-Salam gauge symmetry is broken to the Standard Model (SM) at the waterfall transition and remains this way both during inflation and afterwards. The superfield, Σ = (6, 1, 1, 2), is needed to guarantee that the effective low energy theory below the PS breaking scale is just the minimal supersymmetric standard model (MSSM). The inflaton/waterfall potential during inflation is given in Fig. 2 . The waterfall field is initially at zero and then after the inflaton field passes the critical value, the waterfall field obtains a negative mass squared. In this model, it is important to note that the critical value for the inflaton field is super-Planckian. Thus the last 60 e-folds of inflation occurs at a subcritical value of the inflaton field. Hence the name subcritical hybrid inflation. At some point, the waterfall field rolls slowly down the side of the potential. If we input the minimum of the potential for the waterfall field as a function of the inflaton field we obtain an effective potential for the inflaton.
where m 2 /κ 2 v 2 P S
1. The effective potential is plotted in Fig. 3 . In Ref. [1] we found the best fit to Bicep2-Keck-Planck data as seen in Fig. 4 . Now we need to discuss reheating of the universe after inflation and baryogeneses via the process of leptogenesis.
Reheating and Leptogenesis
After inflation the inflaton and waterfall fields oscillate around their respective minima. The inflaton couples directly to the Higgs via the coupling α φ H u H d . In addition to allowing the inflaton to decay directly to Higgs, the effective Higgs mass depends on the value of φ. Note, the Yukawa matrices determining the Higgs couplings to leptons are fixed by fitting low energy data. These matrices enter the calculation of a lepton number asymmetry generated by the decay of heavy RH neutrinos and also by the decay of H u into RH neutrinos. H u decays into RH neutrinos when its mass is greater than the RH neutrino mass. Finally, the waterfall field also decays directly into RH neutrinos.
Higgses and RH neutrinos decay into light quarks and leptons which quickly thermalize. Thus reheating of the universe and leptogenesis occur simultaneously. In Ref. [11] we evaluate reheating and the baryon number of the universe relevant for big bang nucleosynthesis. 
Figure 4:
The green points represent the result of our parameter scan and are overlayed on the best-fit plane found in [12] . The yellow star represents our best fit point.
The CP asymmetry due to Higgs decay is evaluated as follows. 
